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[Document] SPECIFICATION 

[Title of the Invention] IMAGE DISPLAY APPARATUS 

[What is claimed is:] 

[Claim 1] An image display apparatus characterized by 
comprising : 

a vacuum envelope having a first substrate and a second 
substrate opposed to each other with a gap; 

a structure arranged between the first substrate and the 
second substrate and fixed to at least one of the first and 
second substrates; 

a phosphor surface formed on an inner surface of one of 
the first and second substrates; and 

a plurality of electron emitting elements which are 
arranged on an inner surface of the other of the first and 
second substrates and emit electrons toward the phosphor 
surface, 

the structure having a thermal expansion coefficient 
higher than that of the at least one substrate to which the 
structure is fixed. 

[Claim 2] An image display apparatus according to claim 
1, characterized in that the structure includes a plate-like 
grid located between the first substrate and the second 
substrate and opposed to the first and second substrates. 

[Claim 3] An image display apparatus according to claim 
1 or 2, characterized in that the structure includes 
a plurality of support members which are arranged between the 
first substrate and the second substrate and support the first 
and second substrates against the atmospheric pressure. 



[Claim 4] An image display apparatus according to any 
one of claims 1 to 3, characterized in that the structure has 
a thermal expansion characteristic such that an elongation 
rate thereof is higher than that of the at least one substrate 
at any temperature. 

[Claim 5] An image display apparatus characterized by 
comprising : 

a front substrate having a phosphor surface formed on 
an inner surface thereof; 

a rear substrate opposed to the phosphor surface with 
a gap and having thereon a plurality of electron emitting 
elements which emit electrons to the phosphor surface; and 

a plate-like grid located between the front substrate and 
the rear substrate so as to opposite to the front substrate 
and the rear substrate and fixed to the rear substrate, 

the grid having a thermal expansion coefficient higher 
than that of the rear substrate. 

[Claim 6] An image display apparatus according to claim 
5, characterized by further comprising a plurality of support 
members which are arranged between the front substrate and the 
rear substrate and support the front substrate and the rear 
against the atmospheric pressure, each of the support members 
abutting against the rear substrate and having a thermal 
expansion coefficient higher than that of the rear substrate. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 

This invention relates to an image display apparatus, and 
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more particularly, to an image display apparatus having 
a large number of electron emitting elements. 

[0002] 

[Prior Art] 

Recently, there has been a demand for image display 
apparatuses for high-definition broadcasting or their 
corresponding high-resolution image display apparatuses, and 
their screen display performance is subject to stricter 
requirements. To meet these requirements, it is essential to 
flatten their screen and increase its resolution. At the same 
time, the apparatus must be reduced in weight and thickness. 

[0003] 

As a next generation of an image display apparatus that 
fulfills these requirements, an image display apparatus is 
being developed in which a large number of electron emitting 
elements (hereinafter referred to as emitters) are arranged 
side by side and opposed to a phosphor surface. The emitters 
may be supposed to be of the field-emission type or surface- 
conduction type. Usually, an image display apparatus that 
uses electron emitting elements of the field-emission type as 
the emitters is called a field emission display (hereinafter 
referred to as FED) . An image display apparatus that uses 
electron emitting elements of the surface-conduction type as 
the emitters is called a surface-conduction electron emission 
display (hereinafter referred to as SED) . 

[0004] 

In general, the FED, for example, has a front substrate 
and a rear substrate that are opposed to each other with 
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a given gap between them. These substrates have their 
respective peripheral edge portions bonded together by 
a sidewall in the form of a rectangular frame, thereby 
constituting a vacuum envelope. A phosphor screen is formed 
on the inner surface of the front substrate. A large number 
of emitters for use as sources of electron emission for 
exciting phosphors to luminescence are provided on the inner 
surface of the rear substrate. 
[0005] 

A plate-like grid is arranged between the two substrates. 
The grid is formed having a large number of apertures that are 
aligned with the emitters, individually. In order to support 
atmospheric pressure that acts on the rear substrate and the 
front substrate, moreover, a plurality of support members are 
arranged between these substrates. At least a part or parts 
of the grid and the support members are bonded to the rear 
substrate or the front substrate. 
[0006] 

In the FED constructed in this manner, electron beams 
emitted from the emitters are applied to desired phosphor 
layers through their corresponding apertures of the grid, 
whereupon the phosphors are caused to glow to display an image 

[0007] 

In the FED of this type, each emitter has a micrometer- 
order size, and the gap between the front substrate and the 
rear substrate can be adjusted to the millimeter order. 
Therefore, the FED can enjoy higher resolution and be made 
lighter in weight and thinner than a cathode ray tube (CRT) 
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that is used as a display of an existing TV set or computer. 
[0008] 

[Object of the Invention] 

In manufacturing processes for the image display 
apparatus constructed in this manner, the rear substrate, to 
which structures such as the grid and the support members are 
bonded in advance, and the front substrate are baked at 300°C 
or more for degassing. In bonding the rear substrate and the 
front substrate together by the sidewall, the rear substrate 
and the front substrate are externally heated by a heater. 
Thus, in these manufacturing processes, the rear substrate, to 
which the grid and other structures are fixed, and the front 
substrate become hotter than these structures. 

[0009] 

As mentioned before, moreover, the many emitters on the 
rear substrate generate heat as they emit electrons toward the 
phosphor layers during the operation of the image display 
apparatus. Accordingly, the temperature of the rear substrate 
increases so that it easily becomes hotter than the grid. 

[0010] 

Thus, during the manufacture or operation of the image 
display apparatus, the rear substrate and the front substrate 
become hotter than the structures that are fixed to the 
substrates. In some cases, a temperature difference of tens 
of degrees may be caused between the rear substrate and the 
structures. If the temperature difference causes a difference 
in thermal expansion between the rear substrate and the 
structures fixed thereon, and if the thermal expansion of the 
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rear substrate is greater than that of the structures, in 
particular, tensile force acts on the structures. Possibly, 
therefore, the structures and the rear substrate may be 
disengaged from one another. 
[0011] 

Thus, in this case, the image display apparatus is 
subject to manufacturing failure, so that the yield of 
production lowers, and the reliability of operation lowers. 

[0012] 

This invention has been contrived in consideration of 
these circumstances, and its object is to provide an image 
display apparatus in which separation or breakage of joints 
that is attributable to a difference in temperature can be 
prevented, so that manufacturing failure can be reduced and 
reliability can be improved. 

[0013] 

[Means for achieving the Object] 

In order to achieve the above object, an image display 
apparatus according to an aspect of the present invention is 
characterized by comprising a vacuum envelope having a first 
substrate and a second substrate opposed to each other with 
a gap, a structure located between the first substrate and the 
second substrate and fixed to at least one of the substrates, 
a phosphor surface formed on an inner surface of one of the 
first and second substrates, and a plurality of electron 
emitting elements which are arranged on an inner surface of 
the other of the first and second substrates and emit 
electrons toward the phosphor surface, the structure having 



a thermal expansion coefficient higher than that of the at 
least one substrate to which the structure is fixed. 
[0014] 

According to the image display apparatus according to the 
aspect of this invention, moreover, the structure includes 
a plate-like grid located between the first substrate and the 
second substrate and opposed to the first and second 
substrates and/or a plurality of support members which are 
arranged between the first substrate and the second substrate 
and support the first and second substrates against the 
atmospheric pressure . 

[0015] 

According to the image display apparatus constructed in 
this manner, the structure has a thermal expansion coefficient 
higher than that of the one substrate to which .the structure 
is fixed. Even if the temperature of the one substrate 
becomes higher than that of the structure during manufacture 
or operation, therefore, the thermal expansion of the one 
substrate can never become greater than the thermal expansion 
of the structure. Accordingly, no tensile force can be 
generated in the structure, so that the joint between the 
structure and the substrate can be prevented from being 
separated or damaged. 

[0016] 

It is desirable that the structure has a thermal 
expansion characteristic such that its elongation rate is 
higher than that of the one substrate at any temperature. 
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[0017] 

[Embodiment of the Invention] 

An embodiment of this invention that is applied to an SED 
will now be described in detail with reference to the drawings. 

As shown in FIGS. 1 and 3, the SED comprises an effective 
display region 3 having an aspect ratio of 4 : 3 and diagonal 
dimension of 36 inches. This SED has a rectangular front 
substrate 10 and a rear substrate 20 that are opposed to each 
other with a given gap between them. The front substrate 10 
and the rear substrate 20 have their respective peripheral 
edge portions joined together through a frame-shaped sidewall 
8 of a glass material, and constitute a vacuum envelope 4. 
The sidewall 8 is bonded to the front substrate 10 and the 
rear substrate 20 by a frit glass, or a low-melting metal or 
alloy, such indium. A high vacuum of, e.g., about 10"^ Torr 
is maintained in the internal space of the vacuum envelope 4. 

[0018] 

A grid 18 in the form of a rectangular plate is 
interposed between the front substrate 10 and the rear 
substrate 12. It is connected to a given potential in order 
to prevent abnormal discharge between the substrates, and is 
opposed to the effective display region 3. Further, the front 
substrate 10 and the rear substrate 12 are supported against 
the atmospheric pressure by means of a plurality of spacers 30 
that are arranged between the substrates. A space of, e.g., 
1.5 to 2.0 mm is maintained between them. 

[0019] 

As shown in FIG. 3, the front substrate 10, which 
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functions as a first substrate, is provided with an insulating 
substrate 11 formed of a non-alkali glass and a phosphor 
screen 12 formed on the inner surface of the insulating 
substrate. The phosphor screen 12 has stripe-shaped phosphor 
layers 13 and belt-shaped light shielding layers 14. The 
phosphor layers 13 have luminous characteristics such that 
they glow red (R) , blue (B) , and green (G) , individually , and 
are arranged at given pitches. The light shielding layers 14 
are arranged between the phosphor layers 13 and serve to 
improve the contrast. 
[0020] 

An electrically conductive thin film 15 of aluminum or 
its alloy is formed on the phosphor screen 12. Further, 
a deposited getter layer 16 of barium (Ba) is formed on the 
conductive thin film 15. The conductive thin film 15 on the 
front substrate 10 functions as an anode. The deposited 
getter layer 16 is formed by depositing a getter material in 
a vacuum chamber before joining the front substrate 10 and the 
rear substrate 20 together in the vacuum chamber during the 
manufacture of the SED. The high-performance deposited getter 
layer 16 can be obtained in a manner such that a series of 
processes from the vapor deposition of the getter material to 
sealing is carried out in a vacuum atmosphere without exposing 
the getter material to the atmosphere. 

[0021] 

As shown in FIGS. 3 and 4, the rear substrate 20, which 
functions as a second substrate, is provided with 
an insulating substrate 22 formed of a non-alkali glass. 
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A plurality of scanning electrodes 23 and signal electrodes 24 
are arranged in a matrix on the inner surface of the 
insulating substrate 22. Gate electrodes 25 and emitter 
electrodes 26 that extend from the scanning electrodes 23 and 
the signal electrodes 24, respectively, are provided near the 
intersections of the scanning electrodes and the signal 
electrodes . 
[0022] 

The gate electrodes 25 and the emitter electrodes 26 are 
opposed to one another at given spaces, individually. Further, 
graphite films (not shown) , for example, are opposed to one 
another at spaces of 5 mm between the electrodes 25 and 26, 
thus forming electron emitting elements 27 of the surface- 
conduction type. A protective film 28 is formed on each 
scanning electrode 23. 

[0023] 

The grid 18, which is located between the front substrate 
10 and the rear substrate 20 constructed in this manner, is in 
the form of a rectangle that is substantially as large as the 
effective display region 3. As shown in FIGS. 1 and 3, 
moreover, the four corner portions of the grid 18 are fixed to 
the rear substrate 20 by means of pedestals 60, individually. 

[0024] 

As shown in FIGS. 2 and 3, each pedestal 60 is in the 
form of a disc, which is fixed on the insulating substrate 22 
of the rear substrate 20 by electrically conductive frit glass 
62 and silver paste 64. For example, a side edge of each 
corner portion of the grid 18 is welded to the upper surface 
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of each corresponding pedestal 60 at two welding points 61. 
A through hole 66 is formed in that part of the insulating 
substrate 22 which faces one of the pedestals 60. This 
pedestal 60 is connected electrically to a power supply 
terminal 67, that is formed on the outer surface of the 
insulating substrate 22, through the through hole 66. Thus, 
a given grid potential can be supplied to the grid 18 through 
the through hole 66 and the pedestal 60. 
[0025] 

The grid 18 is formed of a material that has a thermal 
expansion coefficient higher than that of the insulating 
substrate 22 of the rear substrate 20 to which the grid is 
fixed. For example, the grid 18 is formed of an iron-nickel 
alloy of 0.1 mm thickness, and its surface is oxidized. The 
thermal expansion coefficient of the glass that constitutes 
the insulating substrate 22 is 84 X 10~ 7 /K, while the thermal 
expansion coefficient of the grid 18 is 94 X 10~ 7 /K. 

[0026] 

FIG. 5 comparatively shows a thermal expansion 
characteristic B of the grid 18 and a thermal expansion 
characteristic A of the glass that constitutes the insulating 
substrate 22. The grid 18 has a thermal expansion 
characteristic such that its elongation rate is higher than 
that of the insulating substrate 22 at any temperature. 

[0027] 

As shown in FIGS. 3 and 4, the grid 18 has rectangular 
apertures 44 through which electron beams emitted from the 
electron emitting elements 27 are passed, individually. The 
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apertures 44 face the electron emitting elements 27, 
individually. Further, the grid 18 is formed having 
a plurality of circular openings 46 for the connection of 
first and second spacers, which will be mentioned later. 
[0028] 

The spacers 30 that function as support members are 
formed integrally with the grid 18. More specifically, the 
grid 18 has a first principal surface that faces the rear 
substrate 20 and a second principal surface that faces the 
front substrate 10. A plurality of first spacers 48 are 
formed integrally with the grid 18 on the first principal 
surface side, while a plurality of second spacers 50 are 
formed integrally with the grid 18 on the second principal 
surface side. The first spacers 48 and the second spacers 50 
are coupled to one another by junctions 52 in the openings 46 
of the grid 18. In the present embodiment, two second spacers 
50 are coupled to each first spacer 48 by one junction 52, 
thus constituting each spacer 30. 

[0029] 

The first spacers 48 are arranged on each scanning 
electrode 23 with the protective film 28 between them, and 
extend in the extending direction of the scanning electrode. 
Each first spacer 48 has an oblong cross section and a height 
hi of 0.5 mm. 

[0030] 

Each of two second spacers 50 that are provided for each 
first spacer 48 is in the form of a slightly tapered column 
having a height h2 of 1.0 mm. Thus, each second spacer 50 has 
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an aspect ratio (ratio between the length of the second spacer 
in the direction of the major axis of its cross section at the 
end on the side of the grid 18 and the height of the second 
spacer) high enough for the first spacer 48. Each two 
adjacent second spacers 50 are coupled to one first spacer 48 
through the openings 46 of the grid 18 or the junctions 52, 
and are integral with the first spacer 48 and the grid 18. 
[0031] 

When the grid 18 that is provided integrally with the 
spacers 30 constructed in this manner is located in the vacuum 
envelope 4, the first spacers 48 abut against the rear 
substrate 10 through the protective film 28 and the scanning 
electrodes 23, while the second spacers 50 abut against the 
front substrate 10 through the getter layer 16, conductive 
thin film 15, and phosphor screen 12. Thus, the spacers 30 
support the front substrate 10 and the rear substrate 20 
against the atmospheric pressure. 

[0032] 

According to the SED constructed in this manner, the rear 
substrate 20 and the front substrate 10 are baked at 300°C or 
more for degassing after the structures including the grid 18, 
spacers 30, etc. are previously fixed and bonded to the rear 
substrate 20 in manufacturing processes. In joining the rear 
substrate 20 and the front substrate 10 together by the 
sidewall 8 after the baking, the rear substrate 20 and the 
front substrate 10 are externally heated by a heater. Thus, 
in these manufacturing processes, the rear substrate 20, to 
which the grid 18 and other structures are fixed, and the 
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front substrate 10 become hotter than these structures. 
[0033] 

Further, the many electron emitting elements 27 on the 
rear substrate 20 generate heat as they emit electrons toward 
the phosphor layers during the operation of the SED. 
Accordingly, the temperature of the rear substrate 20 
increases so that it is hotter than the structures including 
the grid 18, spacers 30, etc. 

[0034] 

Thus, during the manufacture or operation of the SED, the 
rear substrate 20 becomes hotter than the structures fixed to 
the rear substrate, e.g., the grid 18. In some cases, 
a temperature difference of tens of degrees may be caused 
between these elements. According to the SED of the present 
embodiment, however, the grid 18 has a thermal expansion 
coefficient higher than that of the insulating substrate 22 of 
the rear substrate 20 to which the grid is fixed. If the 
temperature of the insulating substrate 22 becomes higher than 
that of the grid 18 during the manufacture or operation, 
therefore, the thermal expansion of the insulating substrate 
22 cannot be greater than the thermal expansion of the grid. 
Accordingly, no tensile force is generated in the grid 18, so 
that the joint between the grid 18 and the insulating 
substrate 22, that is, the welded joints between the grid 18 
and the pedestals 60 or joints between the pedestals 60 and 
the insulating substrate 22, can be securely prevented from 
being separated or damaged. Thus, manufacturing failure can 
be prevented to improve the yield of production, and an SED 
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with improved reliability can be obtained. 
[0035] 

The description of the above embodiment is focused on the 
grid 18, among other structures that are arranged between the 
front substrate 10 and the rear substrate 20 and fixed to at 
least one of these substrates. In the present invention, 
however, the structures include distributing wires for the 
scanning electrodes, signal electrodes, etc. and the spacers, 
as well as the grid 18. 

[0036] 

More specifically, in the embodiment described above, the 
scanning electrodes 23 and the signal electrodes 24 are formed 
on the insulating substrate 22 of the rear substrate 20, that 
is, they are fixed on the insulating substrate 22. Like the 
aforesaid grid 18, therefore, the scanning electrodes 23 and 
the signal electrodes 24 are formed of a material that has 
a thermal expansion coefficient higher than the thermal 
expansion coefficient of the insulating substrate 22, and are 
given a thermal expansion characteristic such that their 
elongation rate is higher than that of the insulating 
substrate 22 at any temperature. Thus, no tensile force acts 
on the scanning electrodes and the signal electrodes during 
the manufacture and operation, so that the scanning electrodes 
and the signal electrodes can be prevented from being 
separated or disconnected. 

[0037] 

Likewise, the spacers are formed of a material that has 
a thermal expansion coefficient higher than the thermal 
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expansion coefficient of the front substrate 10 or the rear 
substrate 20 and are given the same thermal expansion 
characteristic as aforesaid. Thus, the joints between the 
spacers and the rear substrate and the joints between the 
spacers and the front substrate can be prevented from being 
separated or damaged. Outstanding functions and effects can 
be obtained if the spacers used are elongate ones that extend, 
for example, between two opposite sides of the vacuum envelope, 
in particular. 
[0038] 

This invention is not limited to the embodiment described 
above, and that various modifications may be effected therein 
without departing from the scope of the invention. For 
example, this invention is also applicable to an FED that uses 
electron emitting elements of the field-emission type and any 
other flat image display apparatuses than an SED. Further, 
the grid may be joined to the front substrate as well as to 
the rear substrate. Furthermore, the dimensions, materials, 
etc. of the individual components are not limited to the 
values and materials described in connection with the 
foregoing embodiment, and may be selected variously as 
required . 

[0039] 

[Advantages of the Invention] 

According to this invention, as described above, there 
can be provided an image display apparatus in which separation 
or breakage of joints that is attributable to a difference in 
temperature between substrates and structures can be prevented, 



so that manufacturing failure can be reduced and reliability 
can be improved. 

[Brief Description of the Drawings] 
[FIG. 1] 

A perspective view showing an SED according to 
an embodiment of this invention. 
[FIG. 2] 

An enlarged plan view showing a joint between a grid and 
a rear substrate of the SED. 
[FIG. 3] 

A sectional view taken along line A-A of FIG. 1. 
[FIG. 4] 

An enlarged perspective view showing the principal part 
of the SED. 

[FIG. 5] 

A view comparatively showing the respective thermal 
expansion characteristics of the grid and the rear substrate 
of the SED. 

[Explanation of Reference Symbols] 
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.. Rear substrate, 
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.. Surface-conduction electron emitting element, 
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30 ... Spacer, 

4 6 ... Aperture, 

48 ... First spacer, 

50 ... Second spacer. 
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FIG. 4 
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[ Document ] ABSTRACT 
[Abstract] 

[Object] An object is to provide an image display apparatus 
in which separation or breakage of joints that is attributable 
to a difference in temperature can be prevented, so that 
manufacturing failure can be reduced and reliability can be 
improved . 

[Means for Achieving the Object] A vacuum envelope of 
an image display apparatus includes a rear substrate 20 and 
a front substrate 10 opposed to each other and a sidewall 8 
interposed between the rear substrate and the front substrate. 
A phosphor screen 14 is formed on an inner surface of the 
front substrate, and a number of electron emitting elements 
that emit electrons toward the image display surface are 
arranged on an inner surface of the rear substrate. A grid 18 
is located between the rear substrate and the front substrate 
and fixed to the rear substrate. The grid has a thermal 
expansion coefficient higher than that of the rear substrate. 

[Elected Figure] FIG. 3 



